It is well known that motion planning problems for humanoid robots are of particular interest. Footstep planning is one of such problems. We describe an approach to solve the footstep planning problem in a free unbounded environment. This approach is based on an explicit reduction from the problem to the satisfiability problem.
- [8]), allocating complex tasks problems (see e.g. [9] - [12] ), automatic generation of visual recognition modules (see e.g. [13] - [15] ), the problem of selection of a minimal set of visual landmarks (see e.g. [16] - [18] ), selection of partially distinguishable guards (see e.g. [19] , [20] ), the problem of placement of visual landmarks (see e.g. [21] , [22] ), systems of robot self-awareness (see e.g. [23] - [27] ), the problem of anticipation of motion (see e.g. [28] - [30] ). It should be noted that humanoid robotics has recently made rapid progress. However, there is a rising demand for algorithms useful to improving the autonomy of humanoids. In particular, different planning problems for humanoid robots are of considerable interest (see e.g. [31] ). Note that motion planning for humanoid robots requires the solution of many difficult problems. For instance, technical vision problems (see e.g. [32] - [34] ), problems of selection of visual landmarks, allocating complex tasks problems, footstep planning (see e.g. [35] , [36] ). Note that the problem of footstep planning is the problem of motion planning associated with walking motion generation. In this case, we need to compute walking motions that bring the robot from its initial location to a goal location while avoiding obstacles. In this paper, we assume that a robot is walking on a flat ground, free from any obstacle. We consider only mean that only discrete stepping capabilities where only a finite set of possible steps is allowed. Under such conditions, the footstep planning problem can be formulated as the reachability problem. In particular, we can consider in the flat infinite ground a Cartesian coordinate system of two axes x and y. We assume that the x axis defines the zero orientation. The configuration of the robot feet in the free environment is completely defined by the position and orientation of the left foot, and the current posture of the feet. So, a sequence of two steps is completely defined by the initial and final posture, and three additional parameters x, y, and θ, where (x, y) is the position and θ is the orientation of the left foot final placement relatively to its initial placement. It is easy to see that we can assume that orientation change is a rational number multiplied by π. Also, we assume that only a finite set of absolute orientations of the left foot are reachable. A posture is defined by the position (x, y) and orientation ϕ of the right foot relatively to the left foot and by the left foot absolute orientation ψ. Therefore, a posture is a quadruple (u, v, ϕ, ψ [37] ). RP can be considered as the fixed distance problem (see e.g. [37] ). Let G be a weighted directed multi-graph with set of nodes V (G) and set of edges E(G). We assume that W (e) ∈ Z k , e ∈ E(G), is a cost vector.
The Fixed Distance Problem (FDP): Encoding different hard problems as instances of different variants of the satisfiability problem and solving them with very efficient satisfiability algorithms has caused considerable interest (see e.g. [38] - [54] ). We consider an explicit reduction from FDP to the satisfiability problem.
We consider the following nondeterministic algorithm (sf. [55] [56] ). We assume that e exiting in(e) in H and entering out(e) in H. [12, i, s] ) → ¬u [11, i, s] , 
. It is not hard to check that there is a path e 1 , . . . , e m such that p = e 1 , q = e m , W (e i ) = D if and only if ξ is satisfiable. Using standard transformations we can obtain an explicit transformation ξ into ζ such that ξ ⇔ ζ and ζ is a 3-CNF. So, ζ gives us an explicit reduction from FDP to 3SAT. We have designed generators of natural instances for FDP. We consider our genetic algorithms OA [1] (see [22] ), OA [2] (see [16] ), OA [3] (see [9] ), and OA [4] (see [8] ) for SAT. We used heterogeneous cluster. Each test was runned on a cluster of at least 100 nodes. Selected experimental results are given in Table 1 
